Attorney's Case No. 1-743 

ALCOHOL BREATH TEST DEVICE AND METHOD 
Field of the Invention 

The invention relates to breath alcohol detection devices and 
methods for determining the concentration of alcohol in breath 
exhaled by a prospective operator of a motor vehicle. 
Background of the Invention 

Breath alcohol detection devices typically include a computer 
system for determining breath test results and storing information 
concerning breath tests for subsequent retrieval, a handheld 
measurement module connected to the computer system for conducting 
the test and an ignition interlock which deactivates the vehicle 
ignition unless a breath test determines that the breath alcohol 
content (BrAC) of the prospective operator is less than a specified 
limit. A breath test is performed by connecting a breath tube to 
the module and having the prospective operator blow breath through 
the tube and into the module for a sufficient length of time to 
assure alveolar air has been flowed to the module. A breath test 
is then conducted on alveolar air to determine the BrAC of the 
prospective operator. 

Many conventional alcohol breath test devices use vacuum pumps 
to draw breath to be sampled into a detector to determine the BrAC 
of the prospective operator. These devices include multi-part 
alcohol modules including the pump and are complicated and 
expensive . 



Patent No. 6,167,746 discloses a breath alcohol detection 
device in which breath is flowed through an induction tube. A 
sample of the breath in the tube is flowed into a fuel cell to 
determine the BrAC of the person being tested. Flow to the fuel 
cell is controlled by opening and closing a valve. A computer 
system determines the interval the valve is opened based on the 
pressure in the induction tube after the valve is opened so that a 
required volume of breath is flowed into the cell. 

Accordingly, there is a need for an alcohol breath test device 
having an improved alcohol measurement module. The module should 
be made from a single body of rigid material, preferably plastic. 
Passages required for flowing breath and sample portions of breath 
should be formed by molding or milling of the body to eliminate 
manufacturing and assembly cost. The body should support the fuel 
cell and sensors required to conduct the breath test yet should be 
sufficiently small to form part of a handheld module easily held by 
a prospective operator in order to conduct a breath test. The 
module with the improved block should be resistant to tampering by 
the prospective operator. 
Summary of the Invention 

The invention is an alcohol breath test device with an 
improved alcohol measurement module adapted to be mounted on a 
motor vehicle and related method for conducting a breath test. The 
device includes a computer system, an ignition interlock and an 
alcohol measurement module. 
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The ignition interlock normally prevents starting of the 
vehicle engine but is deactivated by the computer system to permit 
starting of the engine and operation of the vehicle after a 
prospective operator successfully passes a breath alcohol test. 
The alcohol measurement module includes a compact one-piece sensor 
block containing passages for receiving breath exhaled by the 
prospective operator taking a breath test and flowing alveolar air 
into a fuel cell for detecting the BrAC of the prospective 
operator. Miniature sensors, a valve and a fuel cell are mounted 
in the block. The block is surrounded by a protective cover having 
an opening to receive a breath tube permitting flowing of breath 
into the block. The cover closely surrounds the sensor block and 
components to prevent tampering by the prospective operator. 

in order to conduct a breath test the prospective operator is 
first required to exhale sufficient breath, at least 1* liters, to 
assure exhalation of alveolar breath into the sensor block. A 
pressure sensor then measures the pressure in an inlet passage in 
the block. Based on this pressure the computer calculates a valve 
open interval and then opens a valve leading from the inlet passage 
to a fuel cell for the interval to flow a small volume of alveolar 
breath into the fuel cell. The fuel cell generates a voltage 
output responsive to the volume of ethyl alcohol in the breath 
sample flowed into the cell. The peak output voltage is 
proportional to the amount of alcohol consumed by the cell and to 
the BrAC of the prospective operator taking the breath test. The 
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computer system then calculated the BrAC and deactivates the 
interlock if the BrAC is below a specified limit. 

Opening of the valve to flow breath into the fuel cell does 
not alter the pressure in the inlet passage. The valve is open for 
a short period of time, typically 0.250 seconds or less, during 
which the pressure in the passage is not varied, despite opening of 
the passage to the fuel cell. Maintaining the pressure in the 
passage during the time the valve is open equal to the pressure in 
the passage before the valve is opened permits accurate 
determination of the valve open interval based on the pressure in 
the passage before the valve is opened and does create a pressure 
pulse signaling the prospective operator that the test is being 
taken. The sensor block operates without the necessity of a vacuum 
pump for drawing breath into a fuel cell. 

The sensor block used in the measurement module of the 
invention is of a one-piece construction eliminating multi- 
component assemblies used in prior art of breath alcohol detection 
devices and eliminating the necessity of assembling mult i -component 
devices for testing breath alcohol, thus reducing manufacturing and 
assembly costs for the invention. 

The sensor block is compact and positions the fuel cell in 
close proximity to the valve and inlet passage to reduce the length 
of the passage leading from the inlet passage to the fuel cell when 
the valve is open. The short passage increases the accuracy of the 
test by flowing breath directly into the fuel cell. 
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Other objects and features of the invention will become 
apparent as the description proceeds, especially when taken in 

conjunction with the accompanying drawings illustrating the 

invention, of which there are three sheets of drawings and one 
embodiment . 

Description of th e Drawings 

Figure 1 is a perspective view of a portion of an alcohol 

measurement module; 

Figure 2 is a circuit diagram for the breath alcohol detection 

device ; 

Figure 3 is a sectional view, partially broken away, taken 
generally along line 3 --3 of Figure 1; 

Figure 4 is a sectional view taken along line 4--4 of Figure 

3; 

Figure 5 is a sectional view taken along line 5--5 of Figure 

4; 

Figure 6 is a partial sectional view taken along line 6-6 of 
Figure 4; 

Figure 7 is a bottom view of a sensor block taken along line 

7 — 7 of Figure 5; and 

Figure 8 is a view of the top face of a sensor block. 
Description of the Preferred Embodime nt 

Breath alcohol detection device 10 includes a hand held 
alcohol measurement module 12 including a sensor block 14, 
components on the block and a cover 16 surrounding the block. As 
illustrated in Figure 2, device 10 includes a computer system 18 



connected to components on block 14 and an ignition interlock 20 
for actuating the ignition of a motor vehicle if the breath alcohol 
content of a prospective operator taking a breath test is less than 
a specified limit. The interlock defeats the ignition and prevents 
starting the vehicle of the BrAC equals or exceeds the limit. 

Block 14 is preferably machined or molded from a single piece 
plastic body 22, but may be made of metal or other material if 
desired. Block 14 includes a breath inlet passage 24 extending from 
inlet port 26 to outlet port 28 leading to the inlet of two- 
position solenoid controlled valve 30 mounted in block recess 60. 
Rectangular collar 32 surrounds inlet port 26 and extends outwardly 
from block front face 34 through a corresponding rectangular 
opening formed in cover front wall 36. Vent passage 38 extends 
from the inner end of inlet passage 24 to enlarged vent recess 40 
formed in block bottom face 42. Branch passage 44 extends from the 
inner end of passage 24 to pressure sensor 46 mounted in recess 48 
formed in block side face 50. 

Thermocouple temperature sensor 52 is mounted in the inner end 
of passage 24 in the path of breath flowed through the passage. 
The leads 54 for sensor 52 pass through sealed passage 56 extending 
between passage 24 and recess 40. The leads are routed across the 
recess and through an open slot 58 in the rear wall of the recess, 
past valve 30 mounted in cutout or recess 60 in block 14 and 
rearwardly of the block. Leads 62 for pressure sensor 46 and leads 
64 for valve 30 are also led rearwardly of block 14, within cover 
16. The leads may be connected to components of computer system 18 



located in cover 16 adjacent the block or may be connected to a 
cable leading from the block, out of cover 16 and to computer 
system 18 . 

Outlet port 2 8 in breath passage 24 communicates with the 
inlet port of valve 30, as indicated in Figure 2. Valve 30 
includes a spool (not illustrated) normally biased by spring 66 to 
communicate the valve inlet port with outlet passage 68 extending a 
distance from recess 60 into block 14, as shown in Figures 4, 6 and 
7. Passage 68 communicates with vent recess 40 through small area 
restriction 70 formed in block 14, shown in Figures 4 and 6 . 

Cover 16 overlies vent recess 40. A plurality of vent 
passages 72 in the cover overly the recess to permit venting of 
breath flowed into the recess to atmosphere. In the event openings 
72 are closed or obstructed, breath flowed into recess 40 is vented 
from the recess through open side slot 58 leading to recess 60 and 
open side slot 74 leading from the recess to block side face 76 
without effecting a breath test. 

Valve 30 includes solenoid 78 which is actuated by computer 
system 18. When the solenoid is actuated the spool of the valve is 
shifted against spring 66 to connect port 28 to outlet passage 80 
shown in Figures 4, 5 and 7 . Passage 80 extends into block 14 from 
recess 60 and intersects upwardly extending passage 82. Passage 82 
opens through a cylindrical ring 84 located in the top face 86 of 
block 14. 

Alcohol fuel cell 88 is mounted in recess 89 on top face 86 of 
the block and engages ring gasket 90 seated on ring 84. The fuel 



dl 88 is held in place on block 14 by cover plate 92 secured to 
£r ont block wall 94 and rear block wall 96 by suitable fasteners 

(not illustrated) . 

The valve 30, sensor 46 and fuel cell 88 are all located in 
recesses on the sides or faces of block 14 and do not protrude out 
trom the block. These components are substantially at or be!ow the 
surface of the block. Recessing of components into the block 
minimizes the physical size cf the block and facilitates inserting 
tne block into the cover, removing the block from the cover and 

holding of module 12 . 

The fuel cell 88 illustrated diagrammatically includes an 
inlet port 98 which communicates with outlet passage 82 through a 

i - on ThP cell has an interior flow passage 
flow opening in gasket 90. The. ceil 

* n ~a v-,,, a v<aQt- r ict ion 100 and an outlet 
into a sample volume followed by a restriction 

port 102 on the bottom of the cell. Port 102 communicates with an 
outlet slot or passage 104 in block 14 extending from port 102 to 

block rear face 106. 

Fuel cell 88 may be the type manufactured by Guth 
Laboratories, Inc. of Harrisburg, Pennsylvania. The fuel cell 
includes a chemical material which oxidizes ethyl alcohol contained 
in breath air flowed into the fuel cell and generates an output 
voltage having a peak value directly proportional to the volume of 
alcohol consumed. The sample of breath air flowed into the cell to 
generate a voltage' output proportional to breath alcohol content 
may be very small. Samples of 1.2 ml or less are typical. The 
output of cell 88 is linear during the useful life of the cell rn 



module 12. Cell 88 includes a pair of output leads 108 which are 
connected to computer system 18. 

During breath testing using device 10 a flexible breath 
collection tube 110 is inserted into inlet port 26 for passage 24. 
A trap 112 is typically provided in tube 110 to capture solids 
entrained with breath flowed through the tube. During the test the 
prospective operator blows breath through the tube into passage 24. 

The pressure of breath flowed into inlet passage 24 is 
determined by the pressure drop from passage 24 to atmosphere 
through relatively large main vent passage 38. A small volume of 
breath flowed into passage 24 flows through port 28 and valve 30 
directly to atmosphere through restriction 70 when solenoid 78 is 
not activated. When the solenoid is activated, a small volume of 
breath is flowed into fuel cell 88 and gas in the cell from a prior 
test is vented to atmosphere. Preferably, restrictions 70 and 100 
are equal so that shifting of the solenoid valve 30 does not alter 
the pressure in passage 24 and indicate to the prospective operator 
that a test is being performed. The flow areas of restrictions 70 
and 100 are considerably less than the flow area of main vent 
passage 38 so that the pressure in passage 24 is largely determined 
by flow through passage 38. Inlet passage 24 is substantially 

larger than vent passage 38. 

in one embodiment of the invention, the diameter of 
cylindrical inlet passage 24 is 0.250 inches, the diameter of 
cylindrical vent passage 38 is 0.081 inches and the diameter of 
cylindrical small vent passage or restriction 70 is 0.022 inches. 



Passage 38 has a flow area of 0.005 square inches and restriction 
70 has a flow area of 0.00038 square inches. In this embodiment, 
the main vent passage 38 has an area equal to 10.5 percent of the 
area of the breath inlet passage. The area of restriction 70, 
which has substantially the same resistance as restriction 100 in 
fuel cell 88, is 7.3 percent of the area of vent passage or 
restriction 38. The valve 30 is fast acting so that shifting of 
the valve does not alter the pressure in passage 24. 

Computer system 18 includes analog-to-digital converters to 
convert analog temperature signals from sensor 52 to digital 
signals, to convert analog signals from pressure sensor 46 to 
additional signals and to convert voltage signals from fuel cell 88 

to digital signals. 

During the useful life of cell 88, the peak output voltage of 
the cell is directly proportional to the volume of alcohol 
presented to and consumed by the cell. However, the output voltage 
for individual fuel cells 88 may not be the same for the same 
volume of alcohol presented to and consumed by the cell. For this 
reason, it is necessary to calibrate device 10 to the output 
performance of the particular fuel cell 88 in block. 14. 

Fuel cell calibration is performed by determining the peak 
output voltage of the particular cell 88 in response to imparting a 
known volume of breath with a known concentration of alcohol into 
the cell. The known amount of alcohol is generated using a breath 
test simulator, a device including a water-alcohol solution in 
which the alcohol concentration is known and, as a result, the 



concentration of alcohol in vapor over the solution in equilibrium 
with the solution and at a given temperature is known. 

Calibration of the device 10 to the output of the fuel cell is 
conducted with cell 88 mounted in block 14 as illustrated. Breath 
test simulator vapor containing a known concentration of alcohol is 
flowed through passage 24 at a known pressure. Valve 30 is shifted 
for a known interval to flow simulator vapor containing a known 
amount of alcohol into fuel cell 88. The alcohol is consumed by 
the cell which generates an output voltage peak proportional to the 
amount of alcohol consumed. The ratio between the output voltage 
peak and the BrAC for the prospective operator taking the test, 
based on simulator vapor alcohol concentration, is programmed into 
computer system 18 so that the system determines the BrAC as a 
function of the resultant peak fuel cell output voltage. 

The device 10 is also calibrated to determine the volume of 
breath flowed into the fuel cell as a function of the pressure in 
passage 24 during each breath alcohol test. This calibration is 
performed using breath test simulator vapor containing a known 
concentration of alcohol. A number of tests are performed with the 
breath test simulator vapor at different pressures and with the 
valve 30 shifted open for different intervals of time. The 
resultant data permits generation of a lookup table programmed into 
system 18. The table permits the system to determine the interval 
for actuating solenoid 78 to shift valve 30 for flowing breath in 
passage 24 into the fuel cell as a function of the pressure in 
passage 24 in order to assure a constant, repeatable volume of 



breath is flowed into the cell independent of the pressure in 
passage 24. For some fuel cells this volume is about 1.2 ml of 
breath. The actual volume flowed through the cell need not be 
determined. For instance, in order to flow constant volume of 
breath through the fuel cell valve 3 0 needs to be opened for a 
shorter interval when pressure in passage 24 is relatively high and 
for a longer interval when the pressure in passage 24 is relatively 
low. The lookup table assures that during breath tests a constant 
volume of breath is flowed into fuel cell 88 independent of the 
pressure with which the prospective operator being tested is 
blowing breath into the passage during the test. In one embodiment 
of the invention, the solenoid may shift valve 30 open for an 
interval of 0.050 seconds when the pressure in passage 24 is about 
22 inches of water and may shift the valve open for an interval of 
0.250 seconds when the pressure in the passage is 10 inches of 
water in order to flow a constant volume of breath through the 
cell. The duration of the valve open interval is calculated based 
on pressure in passage 24 before the valve opens. 

After calibration of cell 88, the performance characteristics 
of the cell are entered into computer system 18 so that the system 
accurately responds to voltage signals received from the cell to 
generate accurate determinations of BrAC. The computer system 
calculates the BrAC from the amount of alcohol flowed into the fuel 
cell . 

Breath alcohol tests are conducted using calibrated device 10 
by inserting one end of a breath tube in inlet port 2 6 with a trap 
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112 in the tube. The computer system is activated and the 
prospective operator being tested exhales breath through the tube 
and into passage 24. The pressure drop across vent passage or 
restriction 3 8 maintains a pressure in the passage above ambient 
pressure, which is sensed by pressure sensor 46 and communicated to 
computer system 18. Temperature sensor 52 determines the 
temperature of the breath flowed through passage 24. The computer 
system determines whether the sensed temperature is within a range 
of temperatures for exhaled breath and will abort the breath test 
in the event the sensed temperature falls outside of the range. 

Accurate breath alcohol determinations are based on the 
alcohol concentration in exhaled deep lung or alveolar breath. 
During the breath test, the computer system monitors the pressure 
in passage 24 and determines when a sufficient volume of breath, 
one and one -half liters, has been flowed through the passage to 
assure that alveolar or deep lung air is flowed through the 
passage. The volume calculation is performed based on sensed 
pressure in the passage determined by sensor 46 and the duration of 
exhalation, according to Bernoulli's principle. This function is 
also calibrated for each sensor to generate a look up table of flow 
vs. pressure to allow measurement of the total breath volume. 

When a sufficient volume of breath has flowed through the 
passage to assure flow of alveolar air, the computer system 
actuates solenoid 78 of valve 30 for an interval based on the 
pressure in passage 24 immediately before actuation, sufficient to 
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flow a repeatable, small volume of alveolar breath through passages 

80 and 82, into fuel cell 88. 

After the calculated time interval has elapsed, solenoid 78 is 
deactivated to shift valve 30 to the position shown in Figure 2 and 
stop flow of breath to the fuel cell. The pressure vs. time lookup 
table previously referred to determines the length of the interval 
during which solenoid 78 is actuated dependent on the pressure in 
passage 24. The intervals are short, ranging from about 0.050 
seconds to about 0.250 seconds. Actuation of solenoid 78 does not 
vary the pressure in passage 24 and accordingly does not generate a 
pressure pulse which can be sensed by the prospective operator. 
The operator receives no indication the test sample is being taken 
and cannot lower the pressure in passage 24 in an effort to lower 
the amount of alcohol flowed into the fuel cell and falsely pass 
the test. 

Fuel cell 88 oxidizes the alcohol in the breath sample flowed 
into the cell to generate an output voltage communicated to the 
computer system. The computer system measures the peak voltage of 
this output signal to determine the BrAC for the prospective 
operator taking the test. In the event the measured BrAC is 
greater than permitted, ignition interlock 20 remains engaged to 
prevent starting the vehicle engine. In the event the BrAC is less 
than permitted, the computer system deactivates the interlock, 
permitting starting of the vehicle engine. 

Alcohol measurement module 12 is designed to prevent tampering 
by the prospective operator taking the breath alcohol test. The 
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sensor block is confined within closed cover 16 and is inaccessible 
to the prospective operator. The back of the cover, away from 
front 36, closely surrounds a cable connecting the module to 
computer system 18 and cannot be opened by the prospective operator 
without evidence of tampering. 

The prospective operator may obstruct vent openings 72, by 
placing a hand or fingers over the opening, in an attempt to 
prevent flow of breath into cell 88. This strategy is ineffective 
because the breath flowing into cell 88 does not exit into recess 
40 but rather exits into the large recess 60 at block rear face 106 
at valve 30, a location inaccessible to the prospective operator. 
Obstruction of openings 72 does not interfere with normal flow of 
breath through passages or restrictions 38 and 70, which open into 
the recess. If openings 72 are obstructed, breath flowed into the 
recess will flow from the recess into the cover through slots 58 
and 74. The fit between block 14 and cover 16 is sufficiently 
loose to permit flow breath from the block into the case. 

In breath alcohol detection device 10 the major components of 
the computer system and the ignition interlock are mounted on the 
vehicle at locations inaccessible to the prospective operator 
taking a breath test. The small and compact alcohol measurement 
module is connected to the computer system by a cable and is 
normally mounted on the dashboard of the vehicle away from the 
controls required for operation, of the vehicle. 

Cover 16 surrounds block 14 and any computer components in 
module 12. The cover is preferably formed from relatively soft 



material such as leather or a synthetic fabric to facilitate 
handling by the prospective operator taking the test. The cover 
deters tampering with the surrounded block and computer components 
(if any) . 

Compact sensor block 14 may be manufactured from plastic 
material using a computer controlled milling machine or may be 
molded from plastic resin. Disclosed block 14 manufactured in this 
way may have a length between the front and rear faces of about IK 
inches, a height between the top and bottom faces of 7/8 inches and 
a width of about Ih inches. 

While I have illustrated and described a preferred embodiment 
of my invention, it is understood that this is capable of 
modification, and I therefore do not wish to be limited to the 
precise details set forth, but desire to avail myself of such 
changes and alterations as fall within the purview of the following 
claims . 
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